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User's Guide for the Computer Program COMPDES

1. Introduction

In reference 1 the theories and algorithms for two digital computer
programs, namely, a compensator design program and a pole placement
program, are developed; ‘The two programs are written in FORTRAN IV and
are listed in appendices A and B of reference 1. The present user's
guide describes the use of the compensator design program, COMPDES, onlys;
the necessary instructions for the useage of the pole placement program
‘are given in the form of comments at the beginning of that program.

The purpose of COMPDES is the design of a low-order compensator to
stabilize a given contrbllable and observablé linear time—invariant
system in the presence of parameter uncertainties. The theoretical

dévelopment for the algorithm can be found in reference 1.

2. Program Cutline

COMPDES can be broken down into two major sections. The first
section consists of a gradient procedurelwhich tries to increase the
stability of a system by computing appropriate feedback gainsf The
resulting closed-loop system is tested for stability with respect to’the
maximum possible parameter variations. The program terminates if
stability can be guaranteed. If not, the program proceeds to program
section two. Section one can be by-passed.

Program section two carries out the actual compensatﬁr deslgn and
sensitivity reduction. The compensator is composed of a state estimator
and a set of 'all-state' feedback gains. The sensitivity functibn is

minimized by means of the Davidon function minimization method. The
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gradient of the sensitivity function with respect to the eigenvalues and

ATO is required for the Davidon method and is synthetically generated.

Thus the computed gradient msy not be zero where the function actually has

a minimum.

total number of iterations is limited.

To avoid numerical oscillation about such a minimum, the

A flow chart of the COMPDES

computer program is depicted in Figure 2-1.

3. - Table of Input Parameters
Input
Parameter Format Type Explanation

NS

NC

NF

NFF

IDELR

ISTOP

IMATT

IPASS

8110

8110

Int., simple

1"

1"

Int., simple

Tt

"

"

"

1t

No. of System States
No. of Control Inputs
No. of Outputs

Desired order of compensator,
used in gradient method to
increase stability.

£ 0 DEIR = .2 by default
_> 0 read DELR

£ 0 STOPR is computer from
other input data
>0  Read STOPR

default

{éo Matrix [FT ] = [0.] by
>0 Read matrix [FJ]

W
@]
e

2 0 to generate a more
conservative STOPR and
condition no. X.

£0 Program tries to determine
an appropriate compensator
or order NFF via gradient
method

.20  Gradient method is by~
passed, compensator will
be of order NFF=NS-NF




Parameter

Input
Format

Type

Explanation

DELR

STOPR

DA

ACC

AC

FJ

TPOLE

LIMIT

KSHIFT

TF10.4

7F10.4

5F15.6

5F15.6

5F15.6

5F15.6

5F15.6

5F15.6

»8110

Real,

Real,

Real,

7"

1"

Real,
Real,
Real,

Real,

Int.,

1

simple

simple

matrix

matrix

simple

simple

matrix

simple

1"

Only if IDELR > O ; DEIR is the
increment for the gradient method

Only if ISTOP >0 3 STOPR deter-
mines the minimum required system
stability for termination of the
gradient method.

NS * NS System matrix;
Trows.

input by

NS ¥ NS System uncertainty matrix;
input by rows.

NS ¥ NC System input matrix;
input by rows.

NF ¥ NS System output matrix;
input by rows.

Min. stability required for nominal
system plus compensator.

Min. Stability required for
perturbed system plus compensator.

Only if IMATJ > O; NC * NF
matrix of initial direct feedback
gains to start gradient method.

£ O Program generates initial
set of stable system and
compensator poles

>0 Read system and compensator
poles.

£0 No region constraint for
pole locations

>0 Read region constraint DR
and weighting GA

Maximum no. of iterations (for any
given set of initial poles) to
determine valid compensator.

2 1, no. of different initial
pole sets. If KSHIFT > 1,
program will generate new
initial sets.




Input

Parameter Format

Type

Explanation

DR

GA

EMS

> U4F20,10

L4720.10

L¥20.10

Real, simple

Real, matrix

Region height 2*DR,

width DR. Final

design should have
Only if poles in or close to
> TAREA > O \this region.

Weighting of region
constraints;choose
GA £ .001

Only if IPOLE > O, NS*2 matrix
(i.e., real and im. part of poles).
NS poles initially to be realized
by system with 'all-state’
feedback.

Only if IPOLE>O,NFF*2 matrix.NFF
poles initially to be realized by
the compensator.

Example

The following Computer Print-out represents a typical example.

The example chosen describes a 3rd order system with one input and two

cuﬁputs (Note:

for the program to work the system has to be in observer

canonical form, i.e., the first part of the NF*NS output matrix C

_represents the identity matrix of rank NF, the remainder of the matrix C

is zero).

The card set-up for the input data is shown in Fig. k-1,

Fig. 4-2 presents the actual computer print-out.
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FIGURE 4~1
Card Set-Up for 3rd Order Example



STATES INPUTS OUTPUTS  COMP-=CRD IDELR  ISTCP IVATY AU
NS = 3 NC= 1 NF= 2 NFF = C c 0 1

SYSTEM MATRIX A,
-0.4009000C 01 -Q.Z2CCCCCCC (1} c.1CCCccceo Ci 0.50000000 00
-0,30000000 O1 0.z2CCCCCCE C1 C.25CCCCCD CL 9.8000000C U0
0.2000¢00C 01

MAXTHUM ABSOLUTE CHANGE CA OF THE ELENMENTS OF THE SYSTEM MATRIX A

0.40000000 00 0,z8CCCCCD CC Co1CCTCCLD O 0.5000000C-01
0.3000000C QO 0.zCCTCCECL CC C.25CCCLCL CO 0.8000000C-01
0.2000000C 00 : .
CCNTREL INPUT MATRIX B
. =0.2000000D0 Q1 0.1CCCCCCD C.3CCCOCCD C1
CUTPUT MATRIX C
0.1000000C O1 0.¢ 0.0
0.1000000C 01 0.C

ACCEPTABLE LARGEST REAL PART OF THE EIGENVALLES FCR THE WCRST CASE CF

PARAMETER UNCERTAINTY +AS TO BE LESS TrAN AC = -C.20C00

EIGENVALUES OF NOMINAL SYSTCM ARE KEP1 TC THE LEFY €F ACC = ~2.00000
MINIPUM STABILITY REQUIREC FOR TERMINATICA ~4.09999943
STABILITY INCREASE INCREMENT = c.2CCCCCCT

GRACTENY PROCECURE TRIES TO DETERMINE A CCMPENSATCR CF CRDER ANFF = O

SUCF THAT THE CLOSED-LOCP SYSTEM DOES NCT BECCME UANSTABLE FCR THE GIVEN
FAX INUM PARAMETER UNCERTAINTIES {SEE MATRIX DA}

CIRECT FEEDEACK MATRIX FJ

~0.1000000C 01 ~0.25CCcccC €1
RCCTS REAL PART IPAG. PART
-0.251839C 01 C.1¢5Ce20 C1
-0.251835C 01 ~C.lesCe20 C1
~0.463227C 00 C.C

PAXIMUM REAL PART OF RDOTS
~0.4632269C 00

CLCSEC-LOCOP SYSTEM MATRIX A{C.-L.). . )
-0.2000000C 01 G.20CCCCCE C1 C.1CCCCCCD Ch ~0.,5200000C 00
-0.55000000 01 0.2CCCCCCC C1 -C.50CCCCCD CO ~0.6700000C O1

0.2000000C Ot

FIGURE L-2, 1

Computer Print-Out for 3rd Order Example



£ IGVEC ERRUR MESSAGES
SW1=0.36920~11 ITER= 2 DIF=(.1866E-10

EIGENVECTORS CORRES TO MRP EIGENVALLE

RCW REAL PARY ROw IMAG pPARY CCOL REAL PART CCL IMAG PART
=0.7049734D-01 C.C C.1CLCCLCD Ct 0.0

0.1000000C 01 0.¢ €.23317%2D CO 0.0
-0.7833232¢C CO 0.C C.E27235%4D CO 0.0

GRACIENT MATRIX DUE TO FJ
0.2451565C 01 «£71€6541C (€

CIRECT FEEDBACK MATRIX FJ

~0.1309494C 01 -0.25721¢8C (1
RCCTS REAL PART IMAG. PART
~0+159931C 01 C.C
=0.167694C 01 C.184524D €1
~0e167694L 01 ~C.1€4%240 (1

MAXTIMUM REAL PART OF RODTS
-0.1599307C 01

CLOSEC-LCOP SYSTEM MATRIX A{Cue~Ls)e
-0.1381012C 01 0.21442350 (1 C.1C0CCCCLD CL ~0.8094941C 00
~0.5572168C 01 0.zCCccccr C1 ~C.142E4€20 C1 ~0.6916503C O1
0.20000008 O}

EIGVEC ERROR MESSAGES ’
SK1=0.2651D~14 {TER= 2 DIF=C.1485E~14

EIGENVECTORS CCRRES TO MRP EIGENVALLE

RCW REAL PART ROW IMAG PART CCo REAL PART CCL INAG PART

0.2558633C-01 0.C C.1CCCCCCD C1 0.0

0.1000000C 01 0.C -C.121432¢0 €O 0.9
~0.56277120 0O 0.C C.1£3525¢0 (O 0.0

GRACIENT MATRIX CUE TD FJ
0.39360330 01  =-0.4779€260 CC

CIRECT FEEDBACK MATRIX FJ

~0.1324045D 01 -0.257C4C1p C1
RCCTS REAL PART IMAG. PART
~0.165629C 01 C.C
-0.163301C 01 C.18e8E4D (1
-0.163301L C1 ~0.1E€E€4D C1

MAXIMUM REAL PARY OF ROOTS |
-0.1633008C 01

FIGURE k-2, ii

Computer Print~Out for 3rd Order Example (continued)



CLCSEC~LCOP SYSTEM MATRIX

~0.1351%09C 01
~0.5570401C 01
U.2000000D 01

0.214CECID ()
0.2CCCCCCD !

EIGVEC ERROR MESSAGES

SH1=0,7713D-11

EIGEAVECTDRS CORRES
RCW REAL PART
0.2057685D €O
0.10000000 01

-0.4762001C 00

GRACIENT MATRIX CUE
-0.2885096C Q1

IVER= 2

T0 MRP EIGCNVALLE

ROw IMAG PART
0.3487345C-C1

- ~0.13E77750- 1€

~0.254556CC CC

T0 FJ
0.7€45145C CC

CIRECT FEEDBACK MATRIX FJ

-0.1321017C 01

RCCTS REAL PART
~0.164440C 01
~0.164238L 01

~0.164238C 01

¥AXIMUM REAL PART OF
~0.1642382C 01

CLCSED-LOOP SYSTEM MATRIX

-0.1357965C 01
~0.5571203D 01
0.20000000 C1

-0.25712C3C (1

IMAGS
C.C

C.1€65CED C1
~L.18€5CED C1

RODTS

0.2CCCCCCD C1

EIGVEL ERROR MESSAGES

SW1=0.73760-10

EIGENVECTORS CORRES
RCW REAL PART
0.2042519C 00
0.1000000C 01

-0.4754359D CO

GRACIENT MATRIX CUE
~0.2902577D 01

ITER= 2

TO MRP EIGENVALLE

ROw IMAG PART
0.2£61C4220~C1
~0.211555E0~1¢
~0.2523584D CC

TO FJ
0.755703s0 CC

CIRECT FEECBACK MATRIX FJ

-0.13207300 01

RCCTS REAL PART
-0.164327C 01
~0.164327C 01

-04164327C 01

Computer Print-Qut for 3rd Order Example (continued)

-0.2571275D0 C1

IMAG.
C.C

AlCe-La)s

A(C~Lade
0.21424C75 C1

€.10CLCCCD CL
~C.14721360 Cl1

-0.,8240453C 00
-0.6911202¢C O1

DIF=C, 7T487E-12

CLL REAL PARTY
c.1cccceen c1
-C.€¢538630-C1
~C.721137C0-C1

PART

C.1CCCCCCO C1
-C.14630520 Cl1

CCL IMAG PARY -

0.0
0.3779265C 00
0.6818475C 00

~0.8210174C 00
-0.69136100 01

DIF=Cs4553E-~11

COL REAL PART
C.1CCCCCCD Ct
-C.€71487CD~C1
~C.734C8310-C1

PART

C.1864720 C1
‘=-Co18€4720 C1

CCL IMAG PART
-0.4163336C-16
0.3774747C Q0
0.6788966C 00

FIGURE L4-2, iii



MAXIMUM REAL PARTY OF ROOTS
-0.1643272C 01

CLOSEC~LCOP SYSTEM MATRIX A{C.~L.l. :
-0.1358539C 01 0,21425570 C1 C.1€CCC0CD. €L -0.8207304L 00
-0.5571279C 01 g.2CCCCCCC (1 -C.14621610 C1 -0.6913836LC 01

0.2000000C O1

EIGVEC ERROR MESSAGES '
S$¥W1=0,9037D-10 I1TER= 2 DIF=C.5437E-11

EIGEAVECTORS CORRES TO MRP EIGENVALLE

RCwW REAL PARTY ROW IMAG PARY CCL REAL PARTY CCL IVAG PART
0.2041088C 00 0.3€221CCL-C1 C.10cCccen c1 0.4163336C~16
0.1000000C 01} 0.13877750~1¢ ~C.€72C672D-C1 0.3774326C 00
~0447536310 CO ~0,253245C0 CC -C.72532250~C1 0.67861780 00

GRACIENT MATRIX CUE TO FJ
-0.2904210D 01 0.75S19E€0 (C

CIRECT FEEDBACK MATRIX FJ

-0,13207300 01 -0.257127S0 €1
RCOTS  REAL PART IMAG. PART
-0.164327C 01 C.C
-0.164327C 01 C.16€472D €1
-0.164327C 01 ~0.1€€4720 C1

NAXIFUM REAL PART OF ROOTS
-0.1643272C 01

CLCSEC~-LGOP SYSTEM MATRIX A(C.-lL.)s
-0.1358539C 0Ol 0421425570 C1 c.10CCCClD C1 ~0.3297304C O30
~0,5571279C Gl Qe.2CCCLCLD C1 ~£.14€2151D €1 ~0.6913836C, 01
0420000000 01

EIGVEC ERROR MESSAGES -
SW1=0,90370~10 ITER= 2 DIF=C.5437E~11

-EIGENELTORS CORRES TO MRP EIGENVALLE

RCW REAL PART ROW IMAG PART CCL REAL PART CCL IVMAG PART
0.2041088C CO 0.2€6221CC0~C1 C.1CCCCCCOD CL 0.4163336L-16
~0.1000000C 01 0.12E71750~16 ~C.€720672D~C1 0.3774326C Q0
-0.4753631C 00 ~0.252245C0 CC -C.73532250~C1 0.67861780L 0O

GRACIENT MATRIX DUE TD FJ
-0.29064210C 01 0.7%61S6¢€C CC

CIRECT FEEDBACK MATRIX FJ
-0,.1320730C 01 -0.2571127s0 (1

.

FIGURE L4-2, iv

Computer Print-Out for 3rd Order Example (continued)

10.



RCCTS " REAL PART IMAG. PART

~0.164327C O} C.C

~0e164327C 01 C.l&é472D (1

-0.164327C 01 ~C.1€€4720 C1
CETERMINE COMPENSATOR OF ODRCER NFF = 1

ANG ITERATE ON CONCITION-NUMBER.

FINIFUM STABILITY REQUIRED FdR TERMINATICA ~4.79999924

CCOMPENSATOR CESIGN ~ INITIAL VALLES. ISHIFY = ]

CIRECT FEEDBACK MATRIX FJ
~0.1231167C 01 ~0.15548740 C2

CCMPENSATOR OUTPUT MATRIX FH
~0.2834564C 01

CCMPENSATOR INPUT MATRIX FG
0.2827917C ©1 O.E€6T1E61LIE ()

COMPENSATOR MATRIX FF
~0.1913589C Q1

RCCTS REAL PART IMAG. PARY

=0.900000C 01 C.C :
- «0.400000C O1 C.1CCCCCD C1

~0+40000GCC 01 ~C.1CLCCD ¢

~0.300000C 01 C.C

AL = 1.000000CONC.~NUMBER = 222.5C6C(32

ALQ = 1.00000 ROOT1 = =C.30CCCCCD C1 CCAD.~ALMBER = 0.2229090C 03 FUNCTION VALUE = 0.5937
ITERATION NUMBER KOUNT= 1

CALG = 1.00200 RODT1 = —C.2555431D0 C1 COND.—NUMBER = 0.2212218C 03 FUNCTION VALUE = C.553¢
ITERAT [ON NUMBER KOUNT= 1
ALD = 1.00400 ROOT1 = -C.255E€€2D0 C1 CUNL.-NLVBER = 0.2195591C 03 FUNCTION VALUE = 0.553¢
ITERATION NUMBER KOUNT= 1
ALC = 1.00800 ROOTI = -C.2687724D C1 CCOAND.-NUMBER = 0.2163055C U3 FUNCTION VALUE = C.55935

©

ITERATION NUMBER KOUNT= 1

FIGURE L4-2, v
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5. Explanation of Computer Print-Out, Fig. h-2

The top half of example page 1 gives a partial listing of the input
parameteri

The bottom half shows the beginning of the lterative gradient
procedure to obtaln a more stable system. The initial direct feedback
gain matrix was inputted as -1. -2.5 resulting in a closed loop
system whose least stable root has a maximum real part (MRP) of -.463.
The following pages list the iterations produced by the gradient method
in order to improve the system stability. The stability is improved such
that the least stable closed-loop system root has a MRP = -1.643,

Since the closed-loop system without compensator (recall NFF was
chosen 0), could not guarantee the reguired minimum stability -AC = -.2
in the presence of the chosen parameter uncertainty DA the program tries
to determine a low-order compensator to obbtain the required minimum
stability. The compensator order is NF = NF - NF = 1. The compensator
matrices FJ, FH, FG and FF, to realize the inputted set of initial
system{plus compensator poles (EMS, EMF); are computed and listed in the
top half of example page V.

The closed-loop system formed by the original system and the
compensator yields a condition number of x = 222,909 for ATO = 1 (ALO
multiplies matrix FG and divides matrix FH).

In order to achieve a high relative stability the function

Re (M ) -~ ACC
max

£, (A, ALO) = 1 +
x lloal - acc

where A are the eigenvalues of the closed-loop system, is minimized.



The iterations on ALO, the COND. - NUMBER and the FUNCTION VALUE are
listed on pages v, vi and vii. It should be noted that the program
terminates because of too many iterations. Although the function fs
achieves at some iteration step a value that is lower than the terminal
FUNCTION VALUE the minimization procedure will in general, not be able
to return to the lowest function value because the function gradient is
synthetically computed.

The terminal design values and closed~loop system eigenvalues are

listed at the bottom of example page vii.

6. Changes in Program

The COMPDES program taken to compute the 31‘d order example is the
same as listed in Appendix A of reference 1, with 2 exceptions. In the
MAIN program,

a) insert: READ (1, 10) IPASS between ISNOO77 and ISNOOTS,
b) take out ISNO14O (IF(IMATJ.EQ.0)GO TO 1099) and substitute

IF(IPASS.GT.0)GO TO 1099.

15.



Reference:

1.

Tutz Willner, "Compensator Design fof'LOWASensitivity Linear
Time-Invariant Systems,"” Final Report - Vol. II, Contract
No. NAS8-21131, Covering the period Nov. 4, 1969 - April L,
1971, NASA.

16.



